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This is a request for filing a patent application under 37 C.F.R. § 1 .53(b). 



1 . This application is a [ ] Continuation [x] Divisional [ ] Continuation-in-Part 

patent application under 37 C.F.R. § 1.53(b), of pending prior application no. 09/251,425, 
filed on February 17, 1999 of: 

Inventor: Etsuyoshi KOBORI 

For: METHOD OF FABRICATING SEMICONDUCTOR DEVICE, 
AND SEMICONDUCTOR DEVICE 



2. The papers enclosed are as follows: 

25 Pages of specification including 

0 Title Page 

4 Pages of claims 

1 Page of abstract 

_J_ Sheets of drawings containing 1 6 Figures 
Other: 
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3. Amendments 

For continuation and divisional applications: 

[x] Cancel in this application original claims 1-14 in the enclosed copy of prior 
application before calculating the filing fee. 

[ ] A preliminary amendment is enclosed. (Claims added by this amendment have 
been properly numbered consecutively beginning with the number next following 
the highest numbered original claim in the prior application.) 

4. Oath or Declaration 

For continuation or divisional applications: 

[ ] A newly executed (original or copy) oath or declaration is enclosed. 

[x] A copy of an oath or declaration from a prior application is enclosed under 

37 C.F.R. § 1.63(d). The entire disclosure of the prior application, from which a 
copy of the oath or declaration is supplied is considered as part of 
the disclosure of the accompanying application and is hereby 
incorporated by reference therein. 

[ ] A signed statement deleting inventor(s) named in the prior application is enclosed. 
For continuation-in-part applications: 

[ ] A newly executed (original or copy) oath or declaration is enclosed. 

[ ] An oath or declaration is not enclosed. This application is being filed under 
37 C.F.R. § 1.53(f). Applicant(s) await notification from the Patent and 
Trademark Office of the time set for filing the declaration and paying the 
filing fees. 
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Relate Back - 35 U.S.C. § 120 

[x] Amend the specification by inserting before the first line the sentence: 

"This is a [ ] continuation [x] divisional [ ] continuation-in-part 
of copending application 

[x] Application No. 09/251,425 filed on February 17, 1999." 

[ ] International Application No. filed on and which 

designated the U.S." 

Priority - foreign applications under 35 U.S.C. § 1 19(a)-(d) or § 365(b) or PCT 
international applications under 35 U.S.C. § 365(a) designating at least one country 
other than the U.S. 



[x] Priority of the following foreign application is claimed: 



Country 


Application No. 


Filed 


Japan 


10-037178 


02/19/98 









Certified copy: [ ] is/are attached. 

[ ] will follow. 

[x] was filed in prior U.S. Application No. 09/25 1,425 on 
February 17, 1999. 



Assignment 

For continuation or divisional applications: 

[x] The prior application is assigned of record to ROHM CO., LTD. recorded 
February 17, 1999 at Reel/Frame 9775/0879. 

[ ] An assignment of the invention to. and a 

PTO Form- 1595, Recordation Form Cover Sheet, are enclosed. 
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For continuation-in-part applications: 

[ ] An assignment of the invention to and a 

PTO Form- 1595, Recordation Form Cover Sheet, are enclosed. 



8. Fee Calculation (37 C.F.R. §1.16) 



CLAIMS FOR FEE CALCULATION 




Number Filed 


Number Extra 


at Rate of 


Basic Fee 
Utility $690.00 
Design $310.00 


Total Claims 

(37 C.F.R. § 1.16(c)) 


1-20 = 




$ 22.00 each = 


+ $ 


Independent Claims 
(37 C.F.R. § 1.16(b)) 


1-3 = 




$ 82.00 each = 


+ $ 


Multiple dependent claim(s), if any (37 C.F.R. § 1.16(d)) 


$270.00 


+ $ 


SUB-TOTAL - 


$690.00 


Reduction by Vi for filing by a small entity 


- $ 


TOTAL FILING FEE = 


$690.00 



9. Fee Payment 

[ ] Not Enclosed. NO FEE IS BEING PAID BY CHECK OR DEPOSIT 
ACCOUNT AT THIS TIME. 

This application is being filed under the provisions of 37 C.F.R. § 1.53(f). 
Applicant(s) await notification from the Patent and Trademark Office of the time 
set for filing the Declaration and paying the filing fees. 

[ ] Please charge Deposit Account No. 50-03 10. 

[x] Enclosed, 

A check in the amount of $ 690.00 to cover the filing fee is enclosed. 



l-WA/ 1437990.1 



ATTORNEY DOCKET NO. : 40894-54 11-1 

Page 5 

[ ] The fee for extra claims under 37 C.F.R. § 1.16(d) is not being paid at this 
time and no authorization is given to charge our deposit account for this 
fee. 



10. Small Entity Status is claimed and 

[ ] a statement claiming small entity status is enclosed, or 

[ ] a small entity statement was filed in the prior nonprovisional application and is 
still proper and desired. 

[x] The power of attorney in the prior application is to at least one of the registered 

practitioners of Morgan, Lewis & Bockius LLP included in the Customer Number 
provided below to prosecute this application and to transact all business in the 
Patent and Trademark Office connected therewith, and all correspondence shall 
be addressed to that Customer Number. 

Please address all correspondence to Morgan, Lewis & Bockius LLP at 
Customer Number: 009629 



[ ] Recognize as associate attorney . 

(name, address, and registration no.) 

W PETITION FOR EXTENSION OF TIME If any extension of time is 

necessary for the filing of this application, including any extension in the prior 
application, application no. 09/251,425, filed February 17, 1999, for the purpose 
of maintaining copendency between the prior application and the present 
application, and such extension has not otherwise been requested, such an 
extension is hereby requested, and the Commissioner is authorized to charge 
necessary fees for such an extension to Deposit Account No. 50-0310. 

[x] EXCEPT for issue fees payable under 37 C.F.R. § 1.18, the Commissioner is 
hereby authorized by this paper to charge any additional fees during the entire 
pendency of this application including fees due under 37 C.F.R. §§ 1.16 and 1.17 
which may be required, including any required extension of time fees, or credit 
any overpayment to Deposit Account 50-03 10. This paragraph is intended to be 
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an CONSTRUCTIVE PETITION FOR EXTENSION OF TIME in 

accordance with 37 C.F.R. § 1.136(a)(3). 



15. Additional papers enclosed: 

[x] Information Disclosure Statement 

[x] Form PTO- 1 449, no references included 

[ ] Declaration of Biological Deposit 

[ ] Submission of "Sequence Listing", computer readable copy and/or amendment 



pertaining thereto for biotechnology invention containing nucleotide and/or amino 
acid sequence. 



Dated: July 5, 2000 

MORGAN, LEWIS & BOCKIUS LLP 
1800 M Street, N.W. 
Washington, D.C. 20036 
202-467-7000 



Respectfully submitted, 



MORGAN, LEWIS & BOCKIUS LLP 




J. Michael Thesz 
Reg. No. 40,354 
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METHOD OF FABRICATING SEMICONDUCTOR DEVICE, 
AND SEMICONDUCTOR DEVICE 

BACKGROUND OF THE INVENTION 

5 1. Technical Field of the Invention 

The present invention relates to a method of 
fabricating a semiconductor device. Also, the present 
invention relates to a semiconductor device fabricated by 
the above method. More particularly, the present invention 
10 relates to a simplification of a process of fabricating a 
semiconductor device, 

2. DESCRIPTION OF THE RELATED ART 

Recently, the size of a semiconductor device has been 

* 

greatly reduced and its structure has been. highly 
15 integrated* In accordance with that, a method of wiring of 
Dual-Damascene structure is known, in which upper metal 
wires 8a and 8b are embedded in an insulating layer as 
shown in Fig. 7. When the Dual -Damascene structure is. 
adopted, it becomes possible to form wiring made of a 
20 material such as copper, which is difficult to be etched. 

Referring to Figs. 8A to 8C, a method of fabricating a 
wiring of the Dual-Damascene structure will be explained 
below. First, a resist pattern used for forming contact 
holes is formed on the Si0 2 layer 2 as an insulating film 
25 and the Si0 2 layer 2 is selectively etched to form contact 



holes. Successively, a resist pattern used for forming 
grooves is formed on the Si02 layer 2 and the Si02 layer 2 
is selectively etched to form grooves . Due to the 
foregoing, as shown in Fig. 8A, a groove 6a for the first 
5 wiring section, contact hole 4a, groove 6b for the second 
wiring section and contact hole 4b are formed. Fig. 8B is 
a view taken in the direction of arrow A in Fig. 8A. 

Then, a copper film 11 is formed all over the surface 
by the method of plating. Due to the foregoing, the copper 
10 film is embedded in the grooves 6 and the contact holes 4, 
y and an upper surface of the Si02 layer 2 is covered with 

the copper film 11 as shown in Fig. 8C. 
; ^ Next, copper film formed on portions except for in the 

?S grooves 6 and the contact holes 4 is removed by the method 

q 15 of chemical mechanical polishing (CMP method) . Due to the 
rg foregoing, the first wiring section 18 and the second 

q wiring section 19 are insulated from each other as shown in 

Fig. 7. 

However, according to the above fabricating method, 
2 0 the following problems may be encountered. In order to 

insulate the first wiring section 18 and the second wiring 
section 19 from each other, it is indispensable to use the 
CMP method. Therefore, it is necessary to provide a device 
of CMP. Especially, when the CMP method is adopted, it is 
25 necessary to appropriately select chemicals and abrasive 
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materials. Accordingly, when a wiring layer is made of a 
new metal, much time and expense are required for the 
investigation * 

SUMMARY OF THE INVENTION 

It is an object of the present invention to solve the 
above problems and provide a method of wiring a 
semiconductor device by which a plurality of wiring 
patterns can be isolated from each other without using the 
CMP method. 

A first aspect of the method is a method of wiring a 
semiconductor device which comprises the steps of: forming 
a first insulating layer on a substrate surface; forming a 
plurality of grooves for a first wiring layer, which are 
separate from each other, on a surface of the first 
insulating layer; forming a conductive layer for wiring so 
that the grooves for the first wiring layer can be embedded 
and the first insulating layer can be covered by the 
conductive layer; and forming a second insulating layer by 
implanting oxygen ions from an upper surface of the 
conductive layer so that a portion of the conductive layer 
is oxidized, the conductive layer in the grooves for the 
first wiring layer is electrically isolated each other to 
form a first wiring layer 



According to the above arrangement, the wiring 
patterns constitute the first wiring layer are . electrically 
insulated from each other by oxidizing a portion of the 
conductive layer by implanting oxygen ions from an upper 
surface of the conductive layer which is embedded in the 
plurality of grooves for wiring and covers the first 
insulating layer. Accordingly , it is possible to insulate 
the wiring patterns on the first wiring layer from each 
other without removing the conductive layer. Therefore, it 
is possible to easily form a highly reliable wiring without 
using a specific etching solution. 

A second aspect of the method is a method of 
fabricating a semiconductor device according to the first 
aspect, wherein the step of forming the first insulating 
layer comprises a step of forming the first insulating 
layer on a surface of the semiconductor substrate in which 
elements are formed, and a step of forming a contact hole 
in a bottom of the groove for the first wiring layer so 
that the contact hole can come into contact with a surface 
of the semiconductor substrate before forming the 
conductive layer . 

According to the above method, wiring of Dual- 
Damascene structure can be formed very easily. 

A third aspect of the method is a method of 
fabricating a semiconductor device according to the first 



aspect, wherein oxygen ions are implanted in the oxygen ion 
implanting step to a depth at which a conductive layer 
above an upper edge of the groove for the first wiring 
layer is oxidized. 

A fourth aspect of the method is a method of 
fabricating a semiconductor device according to the first 
aspect, wherein oxygen ions are implanted in the oxygen 
ion- implanting step to a depth at which an upper layer of 
the first wiring layer is oxidized. 

According to the method of fabricating a semiconductor 
device of the present invention, oxygen ions are implanted 
so that an upper layer of the first wiring layer can be 
oxidized. Therefore, a conductive layer located above the 
surface of the first insulating layer can be completely 
oxidized. Due to the foregoing, the wiring patterns on the 
first wiring layer can be completely insulated from each 
other . 

A fifth aspect of the method is a method of 
fabricating a semiconductor device according to the first 
aspect, further comprising the step of forming a third 
insulating layer on the second insulating layer. 

According to the method of fabricating a semiconductor 
device of the present invention, an insulating layer is 
further formed on the oxidized semiconductor layer. 



Accordingly, the wiring patterns on the first wiring layer 
can be more completely isolated from each other. 

A sixth aspect of the method is a method of 
fabricating a semiconductor device according to the first 
aspect , further comprising the steps of selectively 
removing the second insulating layer, and forming a third 
insulating layer on the surface on which the second 
insulating layer is removed. 

A seventh aspect of the method is a method of 
fabricating a semiconductor device according to the sixth 
aspect, wherein the step of removing comprises a step of 
removing selectively the second insulating layer by the 
etching selectivity between the second insulating layer 
consists of the oxidized conductive layer and the remaining 
conductive layer which remains without being oxidized. 

An eighth aspect of the method is a method of 
fabricating a semiconductor device according to the first 
aspect, wherein the step of removing comprises a step of 
removing by the chemical mechanical polishing method (CMP) . 

A ninth aspect of the method is a method of 
fabricating a semiconductor device according to the first 
aspect, wherein the conductive layer is made of a metal 
layer . 



A tenth aspect of the method is a method of 
fabricating a semiconductor device according to the first 
aspect, wherein the conductive layer is made of aluminum. 

An eleventh aspect of the method is a method of 
fabricating a semiconductor device according to one of the 
first aspect, wherein the conductive layer is made of a 
polycrystalline silicon layer. 

A twelfth aspect of the method is a method of 
fabricating a semiconductor device according to the sixth 
aspect, wherein the conductive layer is constituted by a 
polycrystalline silicon layer, and the step of removing 
comprises a step of removing oxidized silicon selectively 
by using the etching selectivity between polycrystalline 
silicon and oxidized silicon. 

A thirteenth aspect of the method is a method of 
fabricating a semiconductor device according to the sixth 
aspect, further comprising the steps of: forming a 
plurality of grooves for the second wiring layer, which are 
separate from each other, on a surface of the third 
insulating layer; forming a second conductive layer for 
wiring so that the grooves for the second wiring can be 
filled and the third insulating layer can be covered; and 
forming a fourth insulating layer by oxidizing a portion of 
the conductive layer when oxygen ions are implanted from an 
upper surface of the second conductive layer and also 



forming a second wiring layer by electrically insulating 
the second conductive layer in the grooves for the second 
wiring layer. 

A fourteenth aspect of the method is a method of 
5 fabricating a semiconductor device according to the 

thirteenth aspect, further comprising the step of forming 
second contact holes at bottom portions of the grooves for 
the second wiring layer so that the second contact holes 
can come into contact with the surface of the semiconductor 
10 substrate or the first wiring layer before forming the 
4f second conductive layer, 

A fifteenth aspect of the device is a semiconductor 

: S 

l~ device which comprises: a first wiring layer constituted by 

■m a plurality of wiring patterns separate from each other 

g 15 embedded in an upper surface of the first insulating layer 
□ which covers the surface of the semiconductor substrate; 

q and a nonconductive layer formed by the oxidation of 

: s . 
;, ij 

material of the first wiring layer, wherein the 
nonconductive layer comes into contact with the first 

20 wiring layer and covers the first insulating layer. 

The semiconductor device of the present invention 
comprises a nonconductive layer made of material obtained 
by oxidizing the first wiring metal, wherein the 
nonconductive layer comes into contact with the patterns on 

25 the first wiring layer and covers the first insulating 
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layer. Accordingly, the patterns on the first wiring layer 
can be isolated without removing the nonconductive layer on 
the first insulating layer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figs. 1A-1C are views showing a process of fabricating 
a wiring of the first embodiment of the present invention; 

Fig. 2 is a view showing a wiring structure of the 
second embodiment of the present invention; 

Fig. 3 is a view showing a wiring structure of the 
third embodiment of the present invention; 

Figs. 4A-4C are views showing a process of fabricating 
a wiring of the fourth embodiment of the present invention; 

Fig. 5 is a view showing a wiring structure of the 
fifth embodiment of the present invention; 

Figs. 6A-6C are views showing a process of fabricating 
a wiring of the sixth embodiment of the present invention; 

Fig. 7 is a cross-sectional view showing a primary 
portion of a semiconductor device for explaining the Dual- 
Damascene s tructure ; and 

Figs . 8A-8C are views showing a conventional 
fabricating structure. 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 



Referring to the accompanying drawings , a method of 
fabricating of the first embodiment of the present 
invention will be explained below. Figs. 1A-1C are views 
showing a process of fabricating a wiring in a 
semiconductor device of the first embodiment of the present 
invention. According to the process, as shown in Fig.lC, 
semiconductor device of Dual-Damascene structure is formed. 

The process will be explained. First , in the same 
manner as that of the conventional method of fabricating, 

an Si(>2 layer 2, the thickness of which is 1.7 to 2.5 \m, 
is formed by the method of CVD so that a surface of the 
silicon substrate 1 can be covered with the Si02 layer 2 
as shown in Fig. 1A. In this case, reference numeral 5 is 
a source region, reference numeral 7 is a drain region, and 
reference numeral 10 is a gate electrode. In the SiC>2 
layer , contact holes 4a, 4b, the opening diameters of 

which are 0.15 to 1.5 pm, are formed by the method of 
photolithography so that the contact holes 4a, 4b can be 
contacted with the source region 5 and the drain region 7. 
Successively, a groove 6a for wiring, the width of which is 

0.18 to 2.0 pun, the depth of which is 0.7 to 1.7 |im, is 
formed so that it can contain the contact hole 4a. Also, a 

groove 6b for wiring, the width of which is 0.18 to 2.0 jam, 
the depth of which is 0.7 to 1.7 ^m, is formed so that it 
can contain the contact hole 4b. 



Next, as shown in rigs. IB, a copper film H is 
deposited all over the surface by the method of plating. 
Xn this case, usually, a thinner copper film is previously 
fon»ed by the method of spattering before plating, and then 
5 a copper f il» is forced on this thinner copper film by the 
TC thod of electrolytic plating. At this time, film 
thickness of the copper film formed on the Si0 2 layer 2 is 
adjusted to be 500 to 3000 nm. In order to prevent from 
forming voids in the copper film within the contact hole, 
10 heating is conducted in an atmosphere, the temperature of 
which is 450 to 500'C, the pressure of which is 70 Hpa. 

oue to the foregoing, as shown in Fig. IB, the grooves 
6a , 6b for wiring and the contact holes 4a, 4b are filled 
with the copper film U, and further an upper surface of 
15 the Si0 2 layer 2 is covered with the copper film 11. 

under the above condition, oxygen ions are implanted 
from an upper surface to a position, which is deeper than 
the film thickness tl of the copper film U °» the Si0 2 ^ 
layer 2. In this case, a dose of oxygen ions is 1 x 10 14 
20 to 1 x 10 15 cm" 2 , and an intensity of implanted energy is 
1 to 2 MeV. 

Due to the foregoing, the copper film on the upper 
portion of the copper film 11 on the Si0 2 layer 2 and also 
the copper films on the upper portions of the first wiring 
25 section 18 and the second wiring section 19 are oxidized. 
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and a copper oxide layer 13 is formed as shown in Fig. 1C. 
Since the dielectric constant of copper oxide is high (e= 
18.1), the first wiring section 18 and the second wiring 
section 19 are insulated from each other. As described 
above, the wiring pattern can be formed without etching the 
copper film, and the wiring of the Dual-Damascene structure 
can be formed. As shown in Fig. 1C, the first wiring 
section 18 and the second wiring section 19, which are made 
of copper films, are formed on the Si0 2 layer 2. The 
first wiring section 18 is provided with a plug 9a and a 
first metal wire 8a. In the same manner, the second wiring 
section 19 is provided with a plug 9b and a second metal 
wire 8b. An oxide layer 13 made of copper oxide is formed 
on the Si0 2 layer 2. In this connection, concerning the 
upper layers of the first metal wire 8a and the second 
metal wire 8b, oxidation is conducted to a position deeper 
than the upper surface of the Si02 1 ayer 2 . 

As described above, unlike the conventional method, 
the copper film 11, which is formed in portions except for 
the first metal wire 8a and the second metal wire 8b, is 
not removed, but it is oxidized so that it can be changed 
into an insulator. Therefore, it is unnecessary to provide 
a copper film removing process in which the method of CMP 
is used. 



In this connection, in the above embodiment, a method 
of forming a wiring contacts with the source/drain region 
in MOSFET, is explained. However, it should be noted that 
the present invention is not limited to the above specific 
embodiment in which the wire is contacted with the surface 
of the substrate. Of course, it is possible to apply the 
present invention to the formation of an electrode wire and 
a upper layer wire, and also it is possible to apply the 
present invention to the formation of a wiring pattern on 
the surface of an insulating substrate or a film carrier. 
In the above embodiment, the plug and the wiring are made 
of the same material, however, it should be noted that the 
present invention is not limited to the above specific 
embodiment . 

For example, as shown in the second embodiment 
illustrated in Fig. 2, the plug may be made of a 
polycrystalline silicon layer 39a, 39b which is formed by 
the selective vapor phase growing method or CVD method, and 
the wiring region may be made of a metal thin film 38a, 38b 
such as aluminum. 

In order to enhance the insulating property, as the 
third embodiment, an insulating film 15 made of PSG film, 

the thickness of which is approximately 1 |im, may be formed 
on the oxidized layer 13 as shown in Fig. 3. Due to the 
foregoing, even when upper wiring is further formed on the 



upper surface, it is possible to isolate the first and 
second wiring sections 18,19, and the upper wiring formed 
on the first and second wiring sections 18,19 completely. 

As described above, the wiring of the Dual-Damascene 
structure can be formed as shown in Fig. 3. 

As the fourth embodiment of the present invention, in 
the same manner as that of the first embodiment shown in 
Fig. 1C, the oxidized layer 13 is formed as shown in Fig. 
4A. Then, as shown in Fig. 4B, only copper oxide 13 is 
selectively removed under the etching condition in which 
copper oxide is selectively etched with respect to copper. 
Namely then copper oxide is selectively etched and copper 
is remained. In this case, as an example of the etching a 
wet etching solution containing N-methylethanpl amine is 
used. 

After that, as shown in Fig. 4C, BPSG film, the 

thickness of which is 1 ^im, is newly deposited so that it 
can be used as an insulating layer 20. In this way, an 
insulating film of high quality is formed. In this case, 
when ions are implanted to a depth at which the surfaces of 
the first and second metal wirings 8a, 8b of the first and 
second wiring sections 18,19 are slightly oxidized, more 
perfect and reliable insulation can be accomplished. 

When the above selective etching is conducted, it is 
possible to conduct etching easily compared with a case in 



which CMP method is used, and further the etching solution 
can be easily selected. Furthermore , it is possible to 
conduct a selective removing action more positively. Also, 
it becomes possible to conduct a selective removing in a 
dry process such as an ashing method. Therefore, it is 
possible to form a highly reliable semiconductor device 
while pollution in the element region is prevented. 

As described above, a surface of the wiring substrate 
of the Dual-Damascene structure on which the insulating 
layer 20 is formed is flat and the insulating property is 
high. Further, as shown in Fig. 5, it is possible to 
further laminate a wiring layer of the same Dual-Damascene 
structure on the surface. 

Fig. 5 is a view showing a semiconductor device having 
a wiring of the Dual-Damascene structure composed of two 
layers, which is the fifth embodiment of the present 
invention. In this case, the wiring structure of the upper 
layer is formed in the same manner as that shown in Figs. 
4A to 4C as follows. The contact holes 14a, 14b are formed 
in the insulating layer 20; the second layer wiring grooves 
16a, 16b are formed at the same time; copper plating is 
conducted, so that a copper film is formed in the contact 
holes 29a, 29b and the second layer wiring grooves 28a, 
28b; the copper film on the insulating film 20 is oxidized 
by implanting oxygen ions, so that the oxidized layer 30 is 
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formed and the patterns of the second layer wiring are 
separated from each other. As described above, it is 

• j„„ the two layers-Dual-Damascene 
possible to form a wiring of the two x y 

structure very easily. 

According to the above structure, the surface is 
formed very flat. Therefore, even when a multiple layer 
wiring structure is formed, it is possible to obtain a 
highly reliable semiconductor device very easily. 

• 6 a sixth embodiment of the present 

As shown m Fig. o, a s" ul 

invention is provided, in which capacitors are formed in 
the grooves . In the same manner as that of the fourth 
embodiment shown in Figs . 4A-4C , contact holes are formed 
in the insulating layer 2 , the first layer wiring grooves 
are formed; a tantalum thin film is formed by means of 
spattering , so that the thin tantalum film as a wiring 
layer is formed in the contact holes and the first layer 
wiring grooves ; the tantalum film =» the insulating layer 2 
is oxidized by implanting oxygen ions, so that the oxidized 
Xayer 13 made of tantalum oxide is formed and the patterns 
20 of the first wiring layer are separated from each other. 

• ^ x.^- <?ame as that shown in Fig . 4B . 
The above process xs the same as 

After that, as shown in Fig. 6A, a portion of the surface 
of the second metal wiring section 48b on the drain side is 
selectively removed. At this time, it is necessary to 
25 cover the source region and so on with resist. On the 
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other hand, on the drain side, upper part of the tantalum 
thin film in the wiring groove 6b is selectively etched in 
self -alignment by the etching selectivity between the 
tantalum thin film and the insulating layer 2 made of 
silicon oxide film without forming a mask. 

After that, PZT film, which is used as a dielectric 
film 41, is formed on the second metal wiring section 48b 
by the method of spattering or the method of sol-gel, and 
further the upper electrode 42 made of a copper film is 
formed on PZT film. When this upper electrode 42 is 
formed, the upper portion of the wiring groove 6b is filled 
with the copper thin film, and in the same manner as that 
of the fourth embodiment, a copper thin film is filled in 
the wiring groove, and the copper thin film on the surface 
is oxidized to be copper oxide film by implanting oxygen 
ions. Then, the copper oxide film is etched away, after 
that the insulating film 50 made of PSG film is formed. In 
this way, it is possible to obtain a semiconductor device 
having a capacitor in which a dielectric film is interposed 
between the lower electrode and the upper electrode 42, 
wherein the lower electrode is made of the second metal 
wiring section 48b on the first wiring layer. 

Due to the above structure, it is unnecessary to 
provide a process in which a dielectric film such as a PZT 
thin film is subjected to patterning. Therefore, it is 



possible to provide a highly reliable semiconductor device 
without the occurrence of deterioration of film quality. 

In this connection in the above example, a PZT thin 
film is formed by means of spattering. However, a 
dielectric film may be formed by means of implanting ions 
to a metal film or oxidizing a surface of the metal film, 
and the thus formed dielectric film may be used as a 
dielectric film of the capacitor. In the case that as a 
dielectric film of a capacitor, Ferro-dielectric film is 
used, an appropriate film such as Ir02 can be interposed 
preferably between the lower or upper electrode and the 
dielectric film, in order to improve orientation of the 
Ferro-dielectric film. 

In the above example, the upper electrode is formed in 
such a manner that it is embedded in the wiring groove. 
However, only the dielectric film may be embedded in the 
wiring groove, and the upper electrode may be patterned by 
means of photolithography after forming a thin film. In 
the case of a device in which the upper electrode is used 
as a common electrode, it is unnecessary to provide a 
patterning process. 

The metal thin film in the plug may not be necessarily 
formed in one process. It is possible to adopt an 
appropriate alternative in which both the selection growing 
method and the CVD method are used. 



In this embodiment, wiring is made of copper. 
However, the present invention is not limited to the above 
specific embodiment. As long as a conductive layer is used 
as wiring, the present invention can be applied to any 
conductive layer. Examples of material of the conductive 
layer are: aluminum, tantalum and titanium. Also, the 
present invention can be applied to metal, the principle 
component of which is aluminum or copper, for example, the 
present invention can be applied to aluminum silicon (AISi) 
or aluminum silicon copper (AlSiCu) . Further, the present 
invention can be applied to a chemical compound of aluminum 
and tungsten or a chemical compound of copper and tungsten. 
Furthermore, the present invention can be applied to a 
highly doped polycrystalline silicon layer Concerning 
aluminum, abrasive and solvent used for removing by the CMP 
method have not been developed at present. Accordingly, 
when the fabricating method of the present invention is 
used, aluminum can be used for the wiring of the Dual- 
Damascene structure. 

In this embodiment, oxygen ions are implanted to a 
position a little deeper than the upper surface of the 
Si02 layer 2. However, if it is possible to highly 
accurately control the depth of implantation of ions and 
positively insulate the first wiring section 18 and the 
second wiring section 19 from each other, oxygen ions may 



be implanted so that oxidation can be conducted to the same 
depth as that of the upper surface of the Si0 2 layer 2. 

in this embodiment, the present invention is applied 
to a case in which the shallow grooves for wiring of the 

5 Dual-Damascene structure are formed and also the deep holes 
are formed. However, the present invention is not limited 
to the Dual-Damascene structure . In the case where a 
groove is formed on an insulating layer and a conductor is 
embedded in the groove, the present invention can be also 

10 applied. 

In the above example, the semiconductor device has the 
Dual-Damascene structure composed of one layer. Of course, 
it is possible to apply the present invention to a 
semiconductor device having the Dual -Damascene structure of 
15 the multiple layer, the number of the layers of which is 
not less than two. 
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What is claimed is: 

1 1. A method of fabricating a semiconductor device 

2 comprising the steps of: 

3 forming a first insulating layer on a substrate 

4 surface; 

5 forming a plurality of grooves for a first wiring 

6 layer, which are separate from each other, on a surface of 

7 the first insulating layer; 

8 forming a conductive layer for wiring so that the 

9 grooves for the first wiring layer can be embedded and the 

10 first insulating layer can be covered with the conductive 

11 layer; and 

12 forming a second insulating layer by implanting oxygen 

13 ions to the conductive layer from an upper surface of that 

14 so that a portion of the conductive layer is oxidized, and 

15 the conductive layer in the grooves for the first wiring 

16 layer is electrically isolated each other to form a first 

17 wiring layer . 



1 2. The method of fabricating a semiconductor device 

2 according to claim 1, wherein the step of forming the first 

3 insulating layer comprises a step of forming a first 

4 insulating layer on the substrate in which elements are 

5 formed, and the method further comprises a step of forming 

6 a contact hole in a bottom of the groove for the first 

7 wiring layer so that the contact hole can come into contact 

8 with a surface of the semiconductor substrate before 

9 forming the conductive layer. 
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1 3- The method of fabricating a semiconductor device 

2 according to claim 1, wherein the oxygen ions are implanted 

3 to a depth at which a conductive layer above an upper edge 

4 of the groove for the first wiring layer is oxidized . 

1 4. The method of fabricating a semiconductor device 

2 according to claim 1, wherein oxygen ions are implanted in 

3 the oxygen ion implanting step to a depth at which an upper 

4 layer of the first wiring layer is oxidized* 

1 5. The method of fabricating a semiconductor device 

2 according to claim 1, further comprising the step of 

3 forming a third insulating layer on the second insulating 

4 layer • 

1 6. The method of fabricating a semiconductor device 

2 according to claim 1, further comprising the steps of 

3 selectively removing the second insulating layer, and 

4 forming a third insulating layer on the surface on which 

5 the second insulating layer is removed, 

1 7 . The method of fabricating a semiconductor device 

2 according to claim 6, wherein the step of removing 

3 comprises a step of removing selectively the second 

4 insulating layer made of the oxidized conductive layer by 

5 using the etching selectivity between the second insulating 

6 layer composed of the oxidized conductive layer and the 

7 conductive layer which remains without being oxidized. 
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1 8. The method of fabricating a semiconductor device 

2 according to claim 1, wherein the step of removing 

3 comprises a step of removing by the chemical mechanical 

4 polishing method (CMP) . 

1 9. The method of fabricating a semiconductor device 

2 according to claim 1, wherein the conductive layer made of 

3 a metal layer. 

1 10. The method of fabricating a semiconductor device 

2 according to claim 1, wherein the conductive layer is made 

3 of aluminum. 

1 11. The method of fabricating a semiconductor device 

2 according to claim 1, wherein the conductive layer is made 

3 of polycrystalline silicon. 

1 12. The method of fabricating a semiconductor device 

2 according to claim 6, wherein the conductive layer is made 

3 of a polycrystalline silicon layer , and the step of 

4 removing comprises a step of removing a oxidized silicon 

5 selectively removed by the etching selectivity between 



6 polycrystalline silicon and oxidized silicon. 

1 13. The method of fabricating a semiconductor device 

2 according to claim 6, further comprising the steps of: 

3 forming a plurality of grooves for the second wiring 

4 layer , which are separate from each other r on a surface of 

5 the third insulating layer; 
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6 forming a second conductive layer for wiring so that 

7 the grooves for the second wiring can be filled and the 

8 third insulating layer can be covered; and 

9 forming a fourth insulating layer by oxidizing a 



10 portion of the conductive layer when oxygen ions are 

11 implanted from an upper surface of the second conductive 

12 layer and also forming a second wiring layer by 

13 electrically insulating the second conductive layer in the 

14 grooves for the second wiring layer. 

1 14 • The method of fabricating a semiconductor device 

2 according to claim 13/ further comprising the step of 

3 forming second contact holes at bottom portions of the 

4 grooves for the second wiring layer before forming the 

5 second conductive layer so that the second contact holes 

6 can come into contact with the surface of the semiconductor 

7 substrate or the first wiring layer. 

* 

1 15. A semiconductor device comprising: 

2 a first wiring layer composed of a plurality of wiring 

3 patterns separate from each other embedded and wired on an 

4 upper surface of the first insulating layer which covers 

5 the surface of the semiconductor substrate; and 

6 a nonconductive layer formed by the oxidation of 

7 material composing the first wiring layer, wherein the 

8 nonconductive layer comes into contact with the first 

9 wiring layer and covers the first insulating layer. 
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ABSTRACT 

Wiring of the Dual-Damascene structure is formed 
without using the CMP method. 

As shown in Fig. 1A, oxygen ions are implanted from an 
upper surface under the condition that the oxygen ions 
reach a position a little deeper than the thickness tl of 
the copper film 11 on the Si02 layer 2. Due to the 
foregoing, as shown in Fig. IB, the copper film 11 on the 
Si02 layer 2 and the copper films on the upper portions of 
the first wiring section 18 and the second wiring section 
19 are oxidized, and the oxidized layer 13 is formed. 
Since the dielectric constant of copper oxide is high, the 
first wiring section 18 and the second wiring section 19 
are insulated from each other. Therefore, it is possible 
to obtain a highly reliable wiring structure easily. 
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